The rheological behavior of galactomannans in concentrated solutions was examined by 21 using dynamic viscoelasticity measurements. Concentrated solutions of three galactomannans, 22 guar gum, tara gum, and locust bean gum were prepared with an ionic liquid 
guar gum, tara gum, and locust bean gum were prepared with an ionic liquid 23 1-butyl-3-methylimidazolium chloride as the solvent. Each galactomannan solution showed 24 angular frequency dependence curves of the storage modulus and the loss modulus which were 25 characteristic of a solution of entangled polymer chains. The molecular weight between 26 entanglements (M e ) was obtained from the plateau modulus and the concentration dependence 27
of M e showed M e in the molten state (M e,melt ) to be 4.610 3 , 3.210 3 , and 2.710 3 for guar gum, 28 tara gum, and locust bean gum, respectively. It was found that the material constant M e,melt 29 depends on the mannose/galactose ratio of the galactomannans. The number of monosaccharide 30 units between entanglements in the molten state for the galactomannans varied within the range 31 found for other polysaccharides such as cellulose and agarose in ionic liquids, suggesting that 32 all the galactomannans take a random-coil conformation in ionic liquid solutions. 33 34 35
Introduction 36
Galactomannans consist of a main chain of (1, 4)--D-mannose as units and a side group of 37
(1, 6)--linked D-galactose. Among them guar gum (g-gum), tara gum (t-gum) and locust bean 38 gum (lb-gum) are specifically well-known. They differ in the mannose/galactose (m/g) ratio: ~2 39 for g-gum, ~3 for t-gum, and ~4 for lb-gum ( Galactomannan powders (g-gum, t-gum and lb-gum) were provided from 79 MRC-Polysaccharide Co., Japan. All samples were used without further purification. A solvent 80 1-butyl-3-methylimidazolium chloride (BmimCl; Aldrich, USA) was used as received. 81
According to the manufacturer's data sheet, the melting temperatures (T m ) of BmimCl was 82 reported to be 70 C. The galactomannan solutions in BmimCl were prepared as follows: The 83 powders were added into liquid BmimCl in a dry glass vessel, and then the mixture was quickly 84 stirred with a stainless steel spatula on a hot plate at about 80 C. After that the glass vessel was 85 sealed and was left on the hot plate for complete melting. For every galactomannan c ranged 86 from 5.4  10 1 to 2.1  10 2 kgm 3 (ca. 5 to 20 wt %), and in the calculation of c, the density of 87
BmimCl was assumed to be 1.08  10 3 kgm 3 , as reported previously (Horinaka, Yasuda, 88 Takigawa, 2011a; Horinaka, Yasuda, Takigawa, 2011b). The densities for the galactomannans g-gum > t-gum > lb-gum although the difference between t-gum and lb-gum is rather small. The 146 quantity, M e,melt for the galactomannans can be determined as a value of the intercept on the 147 right-hand ordinate in Figure 3 ( interesting to calculate the number of monosaccharide units between entanglements in the 152 molten state (N unit ) from M e,melt and M unit , with M unit being the molecular weight of a repeating 153 unit for the galactomannans. Here, M unit was calculated based on the assumption that the m/g 154 ratios are the typical values, i.e., 2 for g-gum, 3 for t-gum, and 4 for lb-gum, and that a galactose 155 side group was included in a unit. We define N unit as the number of mannose units along the 156 main chain, not counting a galactose side group, i.e., N unit = (the number of mannose units in a 157 unit)  (M e,melt / M unit ). Table 1 lists N unit for the galactomannans together with M e,melt and M unit . 158
The values of N unit lie in almost the same range (13 to 19). If we see them more precisely, 159 however, we may have a tendency that N unit decreases with increasing the m/g ratio. The values 160 for the galactomannans can also be compared with those for other polysaccharides estimated in 161 our previous studies. We have 19 for cellulose, 15 for agarose and 14 for gellan, which are 162 almost the same and are typical for polysaccharides with the random-coil conformation in the 163 ionic liquid (Horinaka, Yasuda, & Takigawa, 2011a) . The values for the galactomannans are 164 really close to those of the other polysaccharides with the random coil conformation, suggesting 165 that the galactomannans in the ionic liquid here take the random coil conformation. This is, at 166 least for g-gum, consistent with the previous prediction made from the intrinsic viscosity 167 measurement that a g-gum molecule behaves as a random coil in water (Robinson, 168 Ross-Murphy, & Morris, 1982) . 169 
